Abstract-Active radio-frequency identification systems that are used for the localisation and tracking of people will be subject to the same body centric processes that impact other forms of wearable communications. To achieve the goal of creating body worn tags with multiyear life spans, it will be necessary to gain an understanding of the channel conditions which are likely to impact the reader-tag interrogation process. In this paper we present the preliminary results of an indoor channel measurement campaign conducted at 868 MHz aimed at understanding and modelling signal characteristics for a wristworn tag. Using a model selection process based on the Akaike Information Criterion, the lognormal distribution was selected most often to describe the received signal amplitude. Parameter estimates are provided so that the channels investigated in this study may be readily simulated.
I. INTRODUCTION Radio Frequency Identification (RFID) technology has found use in a number of different applications including the tracking of high value assets and equipment [1] , and more recently people [2] . RFID systems typically fall in to one of three categories: active, semi-active and passive. In passive RFID, the electromagnetic energy coupled into the tag from the reader is used to power its operation. In semi-active RFID, the tag uses its own on-board power supply to operate circuitry with the reader used to power communications. However, active RFID makes use of an internal battery to operate all on-board circuitry including communications.
To design active RFID tags which are capable of multiyear lifespans it will be necessary to develop a full understanding of the typical channel conditions in which they will operate. This will help determine important parameters such as the minimal signal power required for the desired range of operation, interrogation rate and density of readers. As most RFID personnel tracking applications will operate indoors (e.g., patient tracking in healthcare facilities, students on University campuses etc.), not only will the characteristics of the interrogation process be impacted by body centric processes [3] , but also multipath generated by the surroundings and shadowing events caused by indoor obstacles such as furniture and partitions.
The environment, measurement system and experiments performed to assess the influence of the human body movements and local surroundings on active RFID systems are described in Section II. In Section III the statistics of the received signal and are reported alongside parameter estimates for a number of popular distributions which may be used to model the channels used for tag interrogation in this study. Finally, Section IV summarises the work with some concluding remarks.
II. EXPERIMENTAL SET-UP

A. System Overview
The localization system was based on activCampus, a commercial, ultra-low power, secure, active RFID system supplied by ACT Wireless Ltd. The selected arrangement consisted of a wrist-worn tag and four activReader RFID reader units operating at 868 MHz. The wrist-worn tag was an eZ430-Chronos from Texas Instruments that was programmed with custom firmware that allowed interrogation by the activReader RFID readers. The wrist-worn arrangement was chosen so that the experiments conducted in this study could be considered to be representative of scenarios typically encountered by patients or healthcare personnel, who are to be localized, within medical centres. The proprietary active RFID reader units utilized a meander line printed monopole antenna and allowed all interrogations from the RFID tags to be forwarded using an on-site Wi-Fi network for storage at a remote server. This set up allowed the data analysis to be conducted off-line, in post processing. Overall, the system was configured in such a way as to allow synchronous recording of RSSI at multiple readers during each interrogation.
The proprietary protocol used in the measurement system included a packet sequence number and this permitted the identification of any missing RSSI data during initial postprocessing. Missing values were then synthesized via linear interpolation with the surrounding data. Because of RFIDs low interrogation rate requirements compared to other channel characterisation campaigns [4] which aim to study not only first, but second order statistics, the sampling rate used in this study was set at a lower rate of 6.7 Hz, which is oversampled for most active RFID applications.
B. Experimental Environments and Scenarios
All of the experiments conducted in this study were performed in an open office area of the first floor of the ECIT Institute in Belfast, United Kingdom. The building was of recent construction, consisting mainly of metal studded dry wall with a metal tiled floor covered with polypropylene-fibre, rubber backed carpet tiles, and a metal ceiling with mineral fibre tiles and recessed louvered luminaries suspended 2.7 m above floor level. In the measurement environment four readers were placed at the corners of an open plan office area within the same building. This office measured 10×12 m and contained a number of desks constructed from medium density fibreboard, PCs and, low-level soft partitions, which have a maximum height of 1.3 m. In order to minimize multipath generated from the partitions, the readers were placed 2.2 m above the floor as shown in Fig. 1 . A series of experiments were then conducted using the system described above where a user with the wrist-worn RFID tag took a number of different paths within the open office area environment. A single tag was used for all scenarios and it was always worn on the subject's left wrist. The same subject (weight 83 kg, height 182 cm) was used for all tests. Additionally during these measurements great care was taken to ensure the immediate area was unoccupied as it was anticipated that other pedestrians would act as slow moving scatterers and shadowing objects [5] .
The scenarios considered in this study may be broadly categorised as straight line paths (scenarios 1 to 4) where the test subject followed a straight line path between two points before returning along the reverse path, and multiple point paths (scenarios 5 and 6) where the test subject followed several paths passing through multiple points before returning along the reverse trajectory (see Fig. 1 ). Three individual experimental trials were conducted for each scenario, with the resultant data being combined to increase the sample set size and remove the effects of variability between trials. Fig. 2 shows a boxplot of the measured received signal power in dBm for scenario 1. As anticipated, the two readers closest to the test subject's trajectory (1 and 4) recorded the highest median received signal power (> -68 dBm) as shown by the red lines in Fig. 2 . For readers 2 and 3, the median signal power level and interquartile range (distance between the top and bottom of the blue boxes in Fig. 2) were comparable (~6 dB), possibly due to the non-line of sight (NLOS) nature of the channel meaning that both of these links would have been sustained by multipath propagation. As an example, Figs. 3 and 4 show the received signal power time series for all four readers. In Fig. 3 , the increase in signal power as the test subject moves towards reader 1 and subsequent decrease in signal power at reader 4 can be seen quite clearly around the 10 s mark. Comparing the variation of the waveforms depicted in Fig. 3 shows that the overall received signal power characteristics (Fig. 2) A number of probability density functions (PDFs), all with previous wireless channel modelling motivation, were fitted to the signal amplitude of the measured data using maximum likelihood estimation (MLE). These were the lognormal PDF with scale and shape parameters μ and σ, respectively; Gamma PDF with scale and shape parameters θ and k, respectively; Weibull PDF with scale and shape parameters λ and α, respectively and Rice PDF with non-centrality and scale parameters A and s, respectively. An example of the fitting process is given in Fig. 5 for reader 3 in scenario 1. Model selection was based upon the Akaike Information Criterion (AIC) [6] . Fort et al. [7] provide a comprehensive discussion of the AIC's use and its limitations in the selection of fading models in body-centric channels. In a similar manner to the analysis presented in [7] we use the second-order AIC often denoted AIC c given by > @ 2 1 2 log | 2 1
III. RESULTS
A. Scenarios 1 to 4 (Straight line paths)
T is the maximized log-likelihood for the parameters θ, given the data set and model under test, P is the number of adjustable parameters available in the chosen model and n is the sample size. Table 1 provides the parameter estimates for the PDFs adjudge by the AIC to have been the most likely candidates for generating the received signal amplitude data. In scenario 1, the lognormal distribution was selected twice (readers 2 and 3), with the Gamma and Weibull distributions both selected once (readers 1 and 4, respectively). In scenario 2, the test subject walked directly along the centre of the open office area, approximately equidistant from all of the readers. This is reflected in the characteristics of the received signal power from the interrogations which were statistically similar as seen from the box plots shown in Fig. 6 . For this scenario, the Gamma distribution was selected for two of the readers, with the lognormal and Weibull each accounting for 1 (Table 1) . For scenario 3, the test subject moved to the right side of the open office area and walked along a straight line path closest to readers 2 and 3. While in scenario 4, the test subject walked along the top of the open office area closest to readers 1 and 2. Similar to the preceding 2 straight line path scenarios, the interquartile range for all of the readers in scenarios 3 and 4 (not shown) was within 10 dB of the median signal level. For scenario 3, the lognormal distribution was found to best describe the received signal for readers 2 and 3 while the Gamma distribution accounted for the remaining two readers. As shown in (Table 1) , in scenario 4, the lognormal distribution was selected by the AIC as the model most likely to have generated the received signal data for all of the readers. 
B. Scenarios 5 & 6 (Multiple point paths)
In scenario 5, the test subject walked along the outside of the open office area environment closest to readers 1 and 4 and then along the centre path from points p 2 and p 5 before returning along this path. As the test subject was closest to readers 1 and 4, these two readers recorded the highest median received signal power albeit with greatest variation (Fig. 7) . Readers 1 to 3 in this scenario recorded received signal amplitudes which were best described by the lognormal distribution, with reader 4 following the Gamma distribution.
During scenario 6, the test subject walked along the outside of the open office area environment. The statistics calculated for this scenario were similar to those for 5. Reader 1 in this scenario reported the greatest range (shown by the black whiskers in Fig. 8 ) of received signal power values over all of the experiments conducted in this study (>35 dB). The AIC selected the lognormal distribution for readers 1, 2 and 4, and the Gamma distribution for reader 3 in this scenario.
IV. CONCLUSIONS
The characteristics of the received signal for an indoor wearable RFID system have been presented. For the majority of scenarios where a test subject with a wrist-worn tag moves in a straight line path either normal or parallel to a set of RFID readers, the interquartile range of the received signal recorded at the RFID reader during the interrogation process was below 10 dB. A number of probability distributions commonly encountered in the modeling of wireless communications channels have been fitted to the data. Using the Akaike Information Criterion it was found that the lognormal distribution was favoured in the majority of scenarios considered in this study. 
